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The Director of the Office of Technical 
Services of the Department of Commerce, 
Washington, District of Columbia, United 
States of America, acting on behalf of the 
Government of the United States, do hereby 
declare the nature of this invention and m 
what manner the same is to be performed, 
to be particularly described and ascertained 
in and by the following statement: — 

This invention relates to ultra-high fre- 
quency generators of multi-cavity magnetron 
type in which ultra-high frequency oscula- 
tions are generated by a number of reson- 
ators set into oscillations by high velocity 
electrons moving along curvilinear or orbital 
paths, these paths being followed by the 
electrons because of the joint action of the 
static and r.f. electromagnetic fields. 

More particularly the invention relates to 
a tuning system for magnetrons, the tuning 
of the resonant circuits of the magnetron 
being obtained by varying the distnbuted 
capacitance of the resonating circuits. The 
disclosed tuning system is so constructed 
that it performs a dual function, one of tun- 
ing a magnetron, and another of acting as 
a strapping means for the magnetron reson- 
ators to obtain more favorable mode separ- 
ations and stability of operation in the 
selected mode. 

It is therefore an object of this invention 
to provide positive means for adjusting the 
frequency of uhf magnetrons. 

An additional object of this invention is 
to provide tuning means for a magnetron in 
which the fraction of tunable capacitance is 
large, as compared to fixed capacitances of 
the resonating circuits, giving large tuning 
range. . , 

Another object of this invention is to pro- 
vide a tunable magnetron in which tuning 
is accomplished by varying the capacitance 
of the resonating circuits in such a manner 
as to offer a high rate of tuning of the oper- 
ating mode in comparison with the tunmg 
rates of the other modes. 

Still another object of this invention is 
to provide tuning instrumentalities for a 
magnetrpn^JheseJnstrumeniialifcies being de- 
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signed so as to be suitable not only with low qq 
frequency magnetrons, but also mth the 
magnetrons of ultra-high frequencies. 

It is also an object of this invention to 
provide novel strapping means for multi- 
resonator magnetrons, the disclosed strap- 
ping having electrical and mechanical ad- 
vantages over the known strapping arrange- 
ments ; it is much simpler mechanically, and 
therefore can be applied to the ultra-high 
frequency magnetrons, and it produces 60 
" tighter" or a more effective electrical 
strapping of the anode segments, and, 
moreover, it introduces lower electrical losses 
than the known schemes. 

Still another object of this invention is to ©5 
provide a tunable magnetron in which tuning 
and strapping is accomplished by means of 
a single variable condenser composed of two 
metallic discs mounted in an end space of 
the magnetron structure, the discs being 70 
provided with a plurality of tabs, the tabs 
of one disc being connected to the even anode 
segments, while the tabs of the other disc 
are connected to the odd segments, thereby 
increasing the capacitance, of the resonators 75 
by an amount equal to the variable capaci- 
tance between the two discs, which in turn, 
produces large tuning range. 

Still another object of this invention is to 
provide a tunable magnetron in which tuning 80 
is accomplished by two tuning discs, one 
disc electrically interconnecting the even 
anode segments and being fixed in its posi- 
tion with respect to the anode, while the 
other disc electrically mterconnecting the 85 
odd segments and being adjustable with re- 
spect to the fixed disc, the fixed disc being 
mounted in the vertical extension of the 
anode, while the adjustable disc is mounted 
in spaced relationship above the fixed disc, 
this adjustable disc being provided with 
mechanical instrumentahties for adjusting 
its spacing relative to the fixed disc for vary- 
ing the capacitance of the resonating circuits 
of the magnetron, thereby varying the oper- 
ating frequency of magnetron, the electrical 
connections between the discs and the re- 
spective segments enabling these discs also 
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to act as the anode strapping structure. 

Xhe additional objects of this invention 
are the provision of tuning instrumentalities 
for magnetrons which have reasonably long 
f\?r-^ U D ? ovable Parts, reproducibility and 
stability of the desired frequency, and a 
reasonable weight of the entire combination 
so that a tunable magnetron does not weigh 
appreciably more than the fixed frequency 
10 magnetrons. J 

i,-'? h l preeent ^^ntton provides an ultra- 
High frequency magnetron including a multi- 
resonator anode with a plurality of segments 
a variable condenser within said magnetron! 
15 one plate of said condenser being connected 
only to the odd segments of said anode, and 
the other plate of said condenser being con- 
nected only to the even segments of said 
anode, and adjustable means connected to 
M said condenser for moving one of the con- 
denser plates and varying the capacitance of 
said condenser for adjusting the frequency of 
. the operating mode of said magnetron 
o« + T*i P resent invention also provides a 
25 tunable magnetron including a multi-reson- 
ator anode with a plurality of anode seg- 
ments, tuning means having two elements 
mechanically and electrically connected to 

nn rf/T* 6 , 1 *!' one ^ f th ° elements being con- 
80 nected only to the even segments, while the 
other element i a connected " only to the odd 
■ segments, and said tuning means mcluding 
adjustable instrumentalities" for varymglne 
spacing between the elements for cariaoi- 

™ vention . may.be considered as an 
improvement of a. tuning system where 
tuning is accomphshed: by a metallic disc 

40 supported above one anode-end-surface in 
one of the end spaces of the magnetron The 
disc is connected to .mechanical instru- 
mentahties, which either lower or raise this" 
disc with L respect to the anode for varying 

45 the distributed capacitances of. the resonating 
circuits. The improvements, of which therl 
are several reside in increasing. the ^ tuning 
range of the magnetron by increasing th! 

™ £t °J tU ?, able ca Paci1rr, . and by arrang- 

50 rag this tunable capacity so that varying of 

operating mode in comparison with the tun- 
Sf + f* ° f - aU ,? ther toodes: Moreover, as 
- stated previously, the tuning instrumental!- 
5o fees are so arranged that they are" used for 

Eecently there has been a considerable 

«n advenfS 611 * m ^etron art. with the 
60 advent of magnetrons capable of operating 

lenrfff^' 7 v h ; lgh ; £re - queii0ies ' the ^ 
SStL whl0h :. for ^stance, are in the 
of f ^ f » ne centimeter or even a fraction 
M oL,,^ lmet6 ^ The P^sicy dimensions- 
65 of such magnetrons, and especially of their 



anode segments, are so small that they im- 
pose many mechanical problems in the 
course of then- manufacture. One of these 
problems is strapping of the minute anode 
segments. Prior to the advent of the method nn 
of strapping disclosed in this specification /0 
it nas been customary to strap the segments 
by means of two concentric rings mounted 
concentrically with respect to the asris of 
the magnetron, each of which is electrically * K 
connected to the tips of every other anode 76 
segment Such type of strapping is ex- 
tremely difficult to realize in the anodes of 
small dimensions. The invention discloses 
a new method of strapping the magnetron aa 
anodes which is much simpler mechanically 80 
and which, at the same time, offers several 
electrical advantages, such as lower uhf 
losses and electrically " tighter " strapping. 

The fundamental method of varying the aK 
frequency of any resonating circuit is to 85 
change either the inductance or the capacity 
of the cn-cuit, or both. Because the circuit 
constants in any planetary multiresonator 
type magnetron are not lumped, it is of an. 
course, impossible to vary strictly only' the 
inductance or only the capacitance of any 
single resonating circuit. However, it is 
possible to provide a tuning means which 
has a predominantly capacitive or inductive or 
over-all effect In the magnetron oscillator * 
ot the hole-and-slot type, as well as in the 
magnetrons of the vane or "Eising Sun " 
types, the capacity of the resonating circuit 
is predominantly in the region where the i~, 
anode segments are closest to each other 
which is the region adjacent to the electronic 
discharge, space in the magnetron. The in- 
ductive components of the resonating circuits 
are primarily in the zones furthest from the m R 
discharge space, i.e., in the regions of a 
hole in the hole-and-slot type, and the cor- 
responding radially remote regions of cavi- 

tT.1t ^ an °i 6 ° f - ^ other to> e - Prom 
this it follows that if one is to provide any i-m 
tuning means having a predominantly capa- 
citiye over-all effect, the tuning means 
should be positioned closer to the o|en ends 
or tips of the resonators, while if cue is to 
vary the operating frequency of the mag- us 
netron by varying the inductive component! 
the tuning elements must exert a pre- 
dominant effect on the inductive portions of 
the circuits, i.e., the tuning elements must 
be located unrest to the inductive regions 12© 
The prior art- discloses both types of systems' 
the capacitive tuning systems using the pre- 
viously mentioned disc type of tunhig, while 
tun j n g systems accomplish the 
same result by introducing a plurality of tun- 125 
mg.pins into, the inductive region^ of the 

struct^ T 7 **", ° f * he mo **> the lat ^r 
Thorns" g OWn aS " Cro ™» °f 
There is now in use an additional tuning ISO 



066,559 




method, of the capacitive type, which coin- 
bines some of the mechanical features of the 
" Crown of Thorns,** and some of the elec- 
trical features of the disc tuning. It con- 
5 sists of the so-called " strap tuning.' ' As 
the term signifies, the tuning is accomplished 
by varying the degree of capacitive coupling 
between the two ring-type straps. Each of 
the strap rings has a slot. A tuning ring 
10 is either lowered into or raised f rom ^ this 
strap-slot, becoming effectively capacitively 
coupled to the strap ring into which, slot it 
is lowered. The two tuning rings are con- 
nected to a metallic washer or a flat ring so 
15 that any radial cross- section of the tuning 
element represents an inverted U-shaped 
metallic member, one leg of the inverted U 
being lowered into the slot of one strap, while 
the other leg of the same U is lowered into 
20 the slot of the second strap. By lowering 
or raising this tuning member it becomes 
possible either to increase or decrease the 
degree of capacitive coupling between the 
two straps. Since the straps are an integral 
25 part of the respective anode segments, any 
increase or decrease in the capacitance be- 
tween the two straps will be equivalent to 
the introduction of additional capacitance 
into the resonating circuits of the anode. 
80. This type of tuning is fairly effective elec- 
trically, but it does not favor an especially 
high rate of tuning of the desired mode (pi- 
inode) as compared to the rate of tuning of 
all other modes. Hence, there is an ever 
35 present danger of encountering unstable fre- 
quency conditions. Moreover, the mech- 
anical configuration of such tuning system 
is not simple to realize, and therefore re- 
quires very high precision work, for its 
40 proper manufacture. For this reason it is 
applicable only to the magnetrons having 
relatively long wavelengths and its use with 
the uhf magnetrons is a practical impossi- 
bility : the mechanical difficulties increase at 
.45 a much faster rate than the decrease in the 
wavelength of the anode with the result that 
the dimensions of all elements and clearances 
become so small that they prohibit the use 
of such tuning system in the higher fre- 
50 quency range. 

Thus the known capacitive, as well as in- 
ductive methods of magnetron tuning have 
merits and demerits of their own, the capaci- 
tive tuning being somewhat more widely 
JS5 used at present than the inductive tuning. 
The invention relates to the capacitive sys- 
tem of tuning. The known capacitive tuning 
systems are not devoid of serious additional 
limitations. For example, where the adjust- 
60 ment of the operating frequency is obtained 
by varying the position of a tuning disc or 
tuning washer with respect to the reson- 
ators of the anode, the effect of the washer 
on the oscillating circuit is such that rela- 
65 . tively small capacitance or inductance 



changes are produced in the resonating cir- 
cuits when the tuning washer is lowered 
through the larger portion of the available 
range of travel. Accordingly, the capacitance 
changes take place primarily at the end por- 70 
tion of the mechanical movement of the 
tuning mechanism when the clearance be- 
tween the tuning element and the anode ap- 
proaches zero value, and even these changes 
produce relatively small frequency changes 75 
because the fraction of tunable capacitance 
is small as compared to the total capacitance 
of the resonating circuits. Moreover, such 
type of tuning does not necessarily offer the 
exclusive tuning of the mode at which the 8G> 
magnetron is operated so that conditions 
may be encountered when the necessary 
mode separation, which is always necessary 
for satisfactory operation on the magnetron, 
is impaired during the tuning cycle. The 85 
" strap tuning " is objectionable primarily 
for mechanical reasons: it is difficult to 
manufacture and is inapplicable of uhf mag- 
netrons; it also has electrical limitations 
which become increasingly important in the 90 
uhf regions, i.e., the dimensions of the ele- 
ments become so small that there is a danger 
of flash-overs. 

The invention discloses novel configuration 
and electrical connections of the capacitively 95 
tuned elements, which avoid the limitations 
typical of the capacitive tuning systems 
known to the art. Thus, as mentioned 
previously, the disclosed system increases 
to a very large extent the fraction of 100 
tunable capacitances, thus giving larger 
t unin g range, and the disclosed tuning 
instrumentalities inherently offer a high 
rate of tuning of the operating mode 
in comparison with the truning rates of 105 
other modes, which obviously increases 
the frequency stability of the entire system. 
In addition, the electrical connections of the 
tuning elements are such that they also per- 
form a valuable strapping function in a 1 10 
manner superior to the same function per- 
formed by the known strapping means. 

These and other features of the invention 
will br more clearly understood from the 
following description and the accompanying 1 L5 
drawings, in which : 

Figure 1 is an axial sectional view of a 
tunable magnetron, using one stationary and 
one movable tuning disc electrically con- 
nected to the segments of the anode, the 120 
movement of one disc with respect to the 
other performing the aforementioned tuning 
function ; 

Figure 2 is a fragmentary, enlarged per- 
spective view of a vane-type anode and of L2£ 
the tuning discs connected to the anode ; 

Figure $ is an exploded perspective view 
of the tuning discs; 

Figure 4 is a cut-away perspective view 
of a modified version of the tuning discs ; ISO 
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Figures 5 and 6 are explanatory schematic 
diagrams of the anode resonating circuits. 

deferring to Pig. 1 there is Illustrated by 
the way of an example a tunable, strapped, 
5 vane-type magnetron having 12 resonating 
circuits, as illustrated more clearly in Fig. 2. 
< The mounting plate and the lower portion of 
the cathode structure are not illustrated in 
any of the figures, since they are well known 
10 iu the art and do not represent a part of 
this invention. The illustrated structure in- 
cludes ferromagnetic pole-pieces 10 and 12, 
which are brazed at junctions 14 and 16 to 
a copper magnetron shell 18, the shell and 
15 the pole-pieces being so proportioned that 
two end spaces 20 and 22 exist between the 
inner ends of the pole-pieces and the upper 
and lower surfaces of a twelve-vane anode 
24. The construction of the anode is illus- 
20 trated on an enlarged scale in Fig. 2; the 
anode consists of a copper ring 26 and twelve 
vanes 28, the upper inner corner of each 
vane having a stepped configuration, as illus- 
trated more clearly in the side view of vane 
- 25 SO in Fig. 2. The lower step 32 is used for 
enlarging the clearance between the anode 
and the upper hat 34, Fig. 1, of an indirectly 
heated and centrally mounted cylindrical 
cathode; 36, the lower hat 38 of the same 
30 ^thode being placed in the lower end space 
22 of the magnetron. Cathode 36 consists 
of an indirectly heated nickel cylinder, the 
outer surface of which is provided with an 
oxide retaining screen 44, which is used as 
35 an anchoring device for an outside electron- 
emitting oxide coating -46 -of the cathode, 
The cathode structure is of axial type, i,e " 
the ama of the cathode - cylinder coincides 
with the axis of the anode and of the pole- 
40 pieces, and it is supported by a concentric 
line including an outer conductor 48 and an 
inner conductor 47, the latter being insulated 
by a glass bead 49. The heating element 
of the cathode is illustrated at 50. The lower 
45 end ' of the heater element is connected to 
conductor 47, while the upper end is con- 
nected to the cathode cylinder 36, which 
completes . the circuit of the heater. The 
concentric Hue of the heater is supported by 
50 a conventional reentrant glass seal, not illus- 
trated in the drawing, -which is connected 
by a ' Kovar V (registered Trade Mark) eye- 

™ e eyeIet forms a gas-tight joint 
with the cathode pole-piece 10 of the mag. 
o5 netron/ s 

As illustrated more clearly in Fig; 2, the 
resonating cavity 43 of the anode is 'con- 
nected through an impedance matching wave 
guide -transformer 52 to a wave guide out- 

60 put circuit 54. r 

The upper step 40 of the vanes is used for 
accommodating a fixed metallic tuning disc 
42. The perspective view of this disc is 
illustrated in Fig. 3. This disc consists of 

65 a disc portion 300 and six tabs 301 through 
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*2 6 -' ^ bs 304 and 305 are °bscured by disc 
56 in Fig. 3) which are used for connecting 
disc 300 to every other vane of the anode 
the tabs resting on the horizontal portions 
of the upper step 40 of every other vane, as 
partially illustrated in Figs. 2 and 8. 

An adjustable tuning disc 56 is mounted 
above disc 42 ; it is rigidly attached to a non- 
magnetic tuning rod 58, which is connected 
to a rod holder 59. The rod holder is sup- 
ported by a threaded stud 60 of the adjust- 
ing elements of the tuning mechanism. This 
mechanism is mounted in a well 6i pro- 
vided for this purpose in the upper or tuning 
pole-piece 12. In addition to the elements 
already described, this mechanism includes 
a rotatable knurled knob 62, stud 60 being 
rigidly connected to this knob by a rectangu- 
larly shaped upper end 63. An elastic 
vacuum tight connection between the rod 
holder and the tuning pole-piece 12 is accom- 
plished by means of metallic bellows 64 
the upper end of which is soldered to the 
rod holder, while the lower end is soldered 
to a circular shoulder provided for this pur- 
pose in the tuning pole-piece. The tuning 
pole-piece is also provided in its lower por- 
tion with a narrow central bore 65 which is 
used for accommodating tuning rod 58 
Knob 62 is provided with a ball bearing 66, 95 
the racers of which are constructed (this 
feature is not illustrated) to resist either an 
upward or downward thrust exerted upon 
them by the metallic bellows 64 when they 
are stretched or compressed. The mech- 
anical axial alignment of the tuning mechan- 
ism is accomplished and maintained by the 
threaded engagement of stud 60 with the inner 
threaded portion 67 of rod holder 59/ In 
the magnetrons utilizing the axially mounted 
cathode and two pole-pieces, it is customary 
to provide two U-shaped " Alnico " magnets 
for furnishing the necessary permanent mag- 
netic field, a magnet 68 being illustrated Si 
Fig. 1. Each magnet engages two flat sur- 
faces of the pole-pieces which are parallel 
to the plane of the drawing. The lower 
portion of the magnet is usually bolted down 
by bolts 69 and 70 to the base plate of the 
magnetron (not illustrated in figure), while 
the upper ends of the magnets are connected 
to each other by bolts 71 and 72, which form 
^ connection with the tuning pole-piece 12 
Shell 18 is provided with a plurality of heat 
radiators T4, 75, 76, etc., which are partially , Qn 
embedded in the magnetron shell. 1J0 

Bef erring to a more" detailed description 
of the adjustable tuning disc 56, its perspec- 
tive view is illustrated in Fig. 3. This disc 
consists of a rigid metallic disc portion 310 
and a plurality of curled metallic tabs 311 
through 316, which are spaced around the 
circumference of disc 310 at 60° angles so 
that it is possible to connect them to every 
other vane of the anode, as illustrated at 317 130 
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in Fig. 3. The tabs of one disc are lagging 
the tabs of the other disc by 30° so that if 
the lower fixed disc 42 is connected with its 
tabs to the odd vanes, the upper adjustable 
6 disc 56 is connected with its curled flexible 
tabs 311 through 316 to the even vanes. It 
is this type of connection of the tuning discs 
that enables them to function not only as a 
capacitive tuning mechanism of the mag- 
10 netron, but also as an effective strapping 
means for the upper end of the anode. 

The mechanical and electrical advantages 
of this type of strapping will be discussed 
more fully later. At this instant, it should 
16 be mentioned that if the wavelength of any 
particular magnetron is sufficiently long for 
introducing the concentric ring strapping, 
such may be introduced at the lower end of 
the anode. In Pig. 1 only one end, i.e., the 
80 upper end of the anode, is strapped by means 
of the tuning - discs, and because of very 
effective strapping performed by the discs, 
tiie lower end is unstrapped. Generally 
speaking, the strapping of the lower end of 
25 the anode is optional. However, it should 
be borne in mind that from the point of view 
of the tuning range, it is preferable to leave 
the lower end of the anode unstrapped. The 
reason for this is as follows : strapping of 
the lower end introduces additional fixed 
80 capacitance into the resonating circuits. It 
must remain fixed since this capacitance 
cannot be conveniently connected to rod 58 
to make it variable. Therefore, the percent- 
age of tunable capacitance is decreased while 
®6 the percentage of fixed capacitance is in- 
creased. Hence the desirability for avoiding 
strapping of the lower end of the anode. 

The mechanical operation of the disclosed 
tuning instrumentalities should be apparent 
40 from the description given thus far. Suffice 
it to say that clockwise rotation of knob 62 
produces clockwise rotation of the threaded 
stud 60, which results in the downward 
travel of the rod holder 59, and correspond- 
45 ing compression of metallic bellows 64. This 
downward travel of rod holder 59 is at once 
transmitted by rod 58 to disc 56. The re- 
sulting decrease in spacing between the discs 
m 42 and 56 increase the capacitance of the 
condenser, which varies the capacitance of 
every resonating circuit of the anode. As is 
well known in the art, the capacity of a plate 
condenser is proportional to where T is 
«g the spacing between the plates of the con- 
denser, and K is a constant controlled by 
the mechanical parameters of condenser. 
Such variation in capacitance changes the 
frequency of the operating mode of the 
50 anode. This is illustrated in more conven- 
tional term's in Pigs. 5 and 6. 

Bef erring to Fig. 5, it illustrates twelve 
resonating circuits of the anode in terms of 
lumped inductances 500 through 511, and 
65 lumped capacitances 512 through 523. The 



resonance frequency 'of such circuit is ob- 
viously determined by its capacitive and in- 
ductive parameters. Although the introduc- 
tion of the discs 42 and 56 will have some 
effect on these fixed parameters, the main 70 
effect of these discs on these circuits may 
be represented by variable condensers 524 
through 536 which are connected across the 
inner tips of the vanes 28. Actually the cir- 
cuit is of the type illustrated in Fig. 6 where 75 
the variable condenser represented by the 
tuning discs 52 and 56 is illustrated as a 
single variable condenser 600. However, 
since this condenser is connected across each 
pair of adjacent vanes it could also be repre- 39 - 
sented in the manner illustrated in Fig. 5, so 
long as one remembers that the capacitance 
of any one variable condenser is equal to the 
total capacitance 600. The inner tips of 
adjacent vanes, as illustrated in Fig. 5, have 35 
opposite polarities, one of the tips being posi- 
tive while the neoct tip is negative. Such 
distribution of the vane polarities does 
actually exist when the anode is resonating 
in the pi-mode, which is usually the mode on 
at which the magnetrons of the disclosed 
type are operated in practice. Therefore, 
when the anode is operated at its pi -mode, 
the variable condensers 524r536 are each 
connected across a pair of vanes having 95 
opposite polarities. Since the resonance 
frequency f 0 of such circuit is determined in 

its elementarv terms by f 0 = ^ — ^tm* where 

la is the inductance and C is the capacitance 
of circuit, any change in the capacitance of 100 
the condensers 524-536 will alter the fre- 
quency of this mode, and, as stated pre- 
viously, it also will result in such manner 
of tuning of the magnetron as to offer a high 
rate of tuning of the operating mode, which 105 
is the pi-mode, in comparison with the tun- 
ing rates of the other modes. That this is 
actually the case follows from the fact that 
the distribution of the polarities over the 
inner circumference of the anode for all 110 
modes other than the pi- mode will not pro- 
duce the opposite maximum polarities at the 
tips of adjacent vanes, and therefore, alter- 
ing of the capacitance of those condensers 
which are connected across the vanes hav- 115 
ing substantially the same, or only slightly 
different voltage, will have no appreciable 
effect on the tuning rates of the other modes. 
Hence, the reason for making the statement 
that the disclosed tuning system offers a 120 
higher rate of tuning of the operating mode 
as compared with the tuning rates of the 
other modes. 

The behavior of the previously mentioned, 
known disc or washer type tuning systems 125 
is exactly the opposite : there is a low rate 
of tuning of the operating mode and high 
rates of tuning of the other modes, since the 
washer placed on top of symmetrical anode 
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also acts ae an effective coupling condenser 
between more remote vanes than the ad- 
jacent vanes. Thus, the known tuning 
systems favor the wrong modes, which ren- 
ders them, in some instances, useless from 
a practical point of view. 

There is an additional reason for the dis- 
closed system favoring to a much larger ex- 
tent the tuning of the pi-mode rather than 
of any other modes. It may be noted by 
reference to the Figs. 3, 4, and 6, that a 
very large capacitance 600, relatively speak- 
ing, is connected across the tips of each pair 
of adjacent segments.- The capacitance of 
this condenser is large as compared to the 
capacitive parameters of each individual 
resonating circuit because of large physical 
dimensions of the condenser plates. These, 
plates are conveniently placed in one of the 
80 end spaces of the magnetron, and the anode 
segments have been imparted the stepped 
construction, which enables to increase the 
area of this condenser still further. This 
large capacitance common condenser is used 
25 for tuning all the resonating circuits. What . 
is of especial importance to note is that this 
condenser is connected in parallel with all 
resonating circuits so that full capacitance 
of this condenser is utilized in every reson- 
ating circuit. In the previously mentioned 
known capacitive tuning systems the vari- 
able capacitive reactances do not attain the 
magnitude of the same reactance' in the 
principal case, since in the majority of the 
cases the tuning circuits resolve themselves 
into a series connection of a large number of 
minute condensers, each of these condensers 
being connected across its own single reson- 
ating circuit. It is obvious that with the 
40 connections of this . type the tuning ranee 
in the main, is limited to-.the variation in the 
capacitive reactance of this single small con- 
denser, and, as a consequence, the tuning 
range of the known capacitive systems in- 
herently is very limited;-,. As stated above 
this limitation is not one of the inherent 
characteristics of the disclosed tuning sys- 
tem. Quite on the contrary, the entire end 
space of the magnetron is used for construct- 
ing a large tuning condenser, which is used 
for turung every resonating circuit. . Hence - 
the reason for making the statement in the 
objects of the invention that in the disclosed 
system the fraction of the tunable capaci- 
tance is large as compared to the- fixed 
capacitances of the resonating circuits." 

It has been stated also in the objects of 
the invention that the disclosed tuning sys- 
tem also acts as an effective strapping means 
for the anode structure. This follows from 
the electrical connections between the discs . 
and the resonating vanes through the tabs! * 
The disclosed method of strapping i s m0 re : 
effective electrically, and simpler mechanic-' 
ally, than the known strapping means, 
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which ordinarily comprise two concentric 
metallic rings, one ring being connected to 
the tips of the odd resonators, while the 
other ring is connected to the tips of the 
even resonators.. Generally speaking, the 
effectiveness of any strapping system de- 
pends on the low uhf impedance of each in- 
dividual strap, and the magnitude of the 
capacitance between the two straps, the 
higher being the magnitude of such capaci- 
tance, the more effective, or the "tighter," 
being the electrical coupling between adja- 
cent resonators through the strapping. Com- 
parison of the mechanical features of the 
disclosed strapping with the most widelv 
used concentric ring type of strapping re- 
veals the fact that the impedance of the 
disclosed strapping system will be inherently 
much lower than the impedance of any ring- 
type of strapping, since the currents due to 
strapping in the disclosed system will flow 
in the radial direction, along each disc from 
the vanes toward the center of the disc. 
Since such paths will have much larger sur- 
faces, and shorter lengths than in the ring 
strapping, they also will have correspontf"- 
ingly lower impedances than the paths pro- 
vided by the rings, which have limited avail- 
able surface (i.e., very small capacitances 
and high impedances) and considerably 
longer paths (still higher impedances) for 
conducting the uhf currents. From the 
point of view of the capacitance of the strap- 
ping, the disclosed system will have equally 
superior characteristics, since large mutuallv 
coupled areas of the two discs will exceed 
the effective areas of the strapping rings by 
many folds. 

Figures 1-3 disclose a tuning system in 
which the two discs are flat discs connected 
with their tabs with the respective segments. 
While the electrical length of the tabs of 
the fixed discs may be made quite easily 
very short so as to over no significant elec- 
trical obstacle for the effective strapping of 
the resonators, the upper adjustable disc 
must be provided with the tabs which 
possess sufficient flexibility and length for 
allowing the adjustment of the upper disc. 
Although in the majority of cases this prob- 
lem may be solved without making the tabs 
of the adjustable discs prohibitively long 
from the point of view of introduced series 
impedances, nevertheless, when the length 
of the flexible straps is deemed to be ex- 
cessive, the tuning structure may be given 
somewhat different mechanical configuration 
to avoid this complication. One such modi- 
fication is illustrated in Fie. 4 where the two 
discs 400 and 402 are both corrugated, the 
corrugations being concentric with* the 
center of the disc and being so spaced with 
resneet to each other that the corrugations 
of the upper discs mesh with the corruga- 
tions in the lower disc when the former is 3 SO 
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lowered toward the lattel^Such arrange- 
ment offers an increased capacitance between 
the discs and thus in effect increases the 
capacitance 600, and the necessity of using 
5 objectionably long connecting tabs for the 
upper disc is avoided by relying, in the main, 
on the flexibility of the corrugations. Thus 
sufficiently large variations in the capaci- 
tance of the tuning condenser may be ob- 
10 tained by merely flexing the upper corru- 
gated disc. 

The applicability of the disclosed tuning 
and strapping system to the magnetrons of 
one centimeter or a fraction of one centi- 
15 meter band follows from its mechanical con- 
struction : the over- all dimensions of the 
condenser are sufficiently large to permit its 
use with the smallest anodes now in use. 

While the invention has been described 
20 w ith reference to several particular embodi- 
ments, it will be understood that various 
modifications of the apparatus shown may 
be made within the scope of the following 
claims. 

25 Having now particularly described and 
ascertained the nature of my said invention 
and in what manner the same is to be per- 
formed, I declare that what I claim is : — ■ 

1. An ultra-high frequency magnetron in- 
30 eluding a multi-resonator anode with a plnr- . 

ality of segments, a variable condenser 
within said magnetron, one plate of said 
condenser being connected only to the odd 
segments of said anode, and the other plate 

35 of said condenser being connected only to 
the even segments of said, anode, and adjust- 
able means connected to said condenser for 
moving one of the condenser plates and vary- 
ing the capacitance of said condenser for 

40 adjusting the frequency of the operating 
mode of said magnetron. 

2. A magnetron according to claim 1, 
having an end space adjacent to said anode, 
said variable condenser being mounted in 

45 said end space. 

3. A magnetron according to claim 1, in 
which the segments at one end of said anode 
have stepped construction, one plate of said 
condenser being mounted on the level of one 

50 step, while the other plate is mounted on 
the level of the next higher step. 

4. A tunable magnetron including a multi- 
resonator anode with a plurality of anode 
segments, tuning means having two ele- 

55 ments mechanically and electrically con- 
nected to said segments, one of said elements 
being connected only to the even segments, 
while the other element is connected only 
to the odd segments, and said tuning means 

60 including adjustable instrumentalities for 
varying the spacing between said elements 
for capacitively tuning the operating fre- 
quency of said magnetron. 

5. A magnetron according to claim 1, 3 or 
65 4, wherein said anode has a plurality of 

cavity resonators, said cavity resonators be- 
ing defined by a plurality of radially dis- 
posed nnode segments, and having a fraed 




disc coaxially mounted with'W^.xis of said 
anode, said fixed disc interconnecting only 70 
the odd anode segments, and an adjustable 
disc coaxially mounted in spaced relation- 
snip with respect to said first disc, said 
second disc interconnecting only the even 
resonators, and adjustable instrumentalities 75 
connected to said discs for varying the spac- 
ing between said discs for adjusting the fre- 
quency of the operating mode of said reson- 
ators. 

6. A magnetron according to claim 5 80 
having flexible tabs connected to said adjust- 
able disc, said tabs interconnecting said 
adjustable disc with only the even elements 

of said anode. 

7. A magnetron according to claim 5, in SB 
which said fixed and adjustable discs are 
concentrically corrugated discs, the corru- 
gations of one disc meshing into the cor- 
rugations of the other disc when said 
adjustable disc is lowered towards said fixed 90 
disc. 

8. A magnetron according to any of claims 
1 to 7, having magnetic pole-pieces mounted 
in spaced relation with respect to said anode, 
end spaces between said pole-pieces and 95 
adjacent circumferential surfaces of said 
anode, said condenser or tuning means being 
mounted in one of the end spaces. 

9. A magnetron according to claim 5, 
having first and second magnetic pole-pieces 100 
mounted in spaced relationship with respect 

to said anode, and wherein said discs com- 
prise metallic discs which are connected to 
the inner ends of the radially disposed anode 
segments, and wherein said adjustable 105 
means or instrumentalities is mounted with- 
in said first pole-piece and is connected to 
said second disc. 

10. A magnetron according, to claim 1 or 

4, wherein the means for varying the eapaci- 110 
tance of said condenser or tuning means is 
adapted to vary the frequency of the oper- 
ating mode of said anode by simultaneously 
and equally altering the capacitive para- 
meters defined by said segments, said two 115 
plates or elements being located adjacent 
one end of the anode. 

11. A magnetron according to claim 1 or 
4 having two plane parallel discs strapping 
said segments, said discs being coaxially 120 
mounted with the axis of said anode. 

12. A magnetron constructed substan- 
tially as herein described with reference to 
the accompanying drawings. 

Bated the 27th day of February 1948. 
For : John Cawusy Green, 
STEVENS, LANGNEB-, PABRY & 
ROLLINSON, 
Chartered Patent Agents, 
5-9, Quality Court, 
Chancery Lane, 
London, W.C.2, 
and at 
120, East 41st Street, 
New York, 17, N.Y., 
U.S.A. 
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